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Chromatography of partially purified preparations 
of Euglena gracilis chloroplast initiation factor 2 (IF- 
2& on gel filtration resins indicates that this factor is 
present in high molecular mass forms ranging from 
200 to 700 kDa. The higher molecular weight com- 
plexes can be separated from the 200,000 M, form of 
this factor by chromatography on DEAE-cellulose. 
Further purification indicates that the majority of the 
IF-2chl is present as dimeric, tetrameric, and probably 
hexameric complexes of polypeptides of 97,000- 
110,000 in molecular weight. In addition, one form 
consisting of subunits of about 200,000 M, has been 
detected. All of these species are active in promoting 
fMet-tRNA binding to chloroplast 30 S subunits in a 
message-dependent reaction. Initiation complex for- 
mation promoted by IF-achl requires the presence of 
GTP. Similar levels of binding are obtained when GTP 
is replaced by a nonhydrolyzable analog suggesting 
that IF-2,h1 is acting stoichiometrically rather than 
catalytically under the conditions used. The activity of 
this factor is stimulated by the presence of either Esch- 
erichia coli or chloroplast IF-3. None of the forms of 
IF-achl detected is active on E. coli ribosomes. 
It has been known for a number of years that chloroplasts 
possess their own translational systems but the mechanism 
of protein synthesis in this organelle is not well understood. 
Overall, the process of translation in chloroplasts resembles 
prokaryotic protein synthesis more closely than eukaryotic 
cytoplasmic translation. For example, chloroplast ribosomes 
are similar to prokaryotic ribosomes in size and can be dis- 
sociated into 30 S and 50 S subunits (1). The chloroplast 
initiator tRNA is formylated (2) and initiation factors from 
Escherichia coli are active in promoting initiation complex 
formation on chloroplast 30 S subunits in the presence of 
either synthetic or natural mRNAs (3,4). 
No organellar initiation factor has been purified to homo- 
geneity or studied in detail but two chloroplast initiation 
factors from Euglena gracitis have been identified and par- 
tially characterized (5,6). Chloroplast translational initiation 
factor IF-3 (IF-3&l promotes the dissociation of ribosomes 
and facilitates initiation complex formation (5). This factor 
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is active on both E. coli and chloroplast ribosomes. It is the 
product of a nuclear gene in E. gracilis (7). Chloroplast IF-2chl 
promotes the binding of f&let-tRNA to the small ribosomal 
subunit. It is active only on chloroplast ribosomes (6) and is 
also the product of a nuclear gene (7). 
E. coli IF-2 occurs in two forms having molecular weights 
of about 80,000 and 100,000. Both forms arise from a single 
gene. In the eukaryotic cell cytoplasm, Met-tRNA binding to 
the 40 S subunit is promoted by eukaryotic initiation factor 
2, a trimeric protein having a native molecular weight of about 
140,000. In the present work, we report that IF-Bchl from E. 
gracilis occurs in extremely large, multiple molecular weight 
forms that distinguish it structurally from the corresponding 
factors found in other systems. 
EXPERIMENTAL PROCEDURES 
Materials 
[%]Methionine was obtained from DuPont-New England Nuclear 
and [%]fMet-tRNA (SO,OOO-100,000 cpm/pmol) was prepared as 
described previously (3). Poly(A,U,G) and GTP were obtained from 
P-L Biochemicals. Phosphoenolpyruvate, pyruvate kinase, Sephadex 
G-200, N-ethylmaleimide, guanyl-5’-yl-imidodiphosphate (GMP- 
PNP), and molecular weight standards were purchased from Sigma. 
Nitrocellulose membrane filters type HA (0.45 pm) were obtained 
from Millipore Corp. Phosphocellulose Pll and DEAE-cellulose 
DE52 resins were purchased from Whatman. High performance liquid 
chromatography (HPLC) columns TSKgel DEAE-5PW (analytical: 
0.75 x 7.5 cm, preparative: 2.15 x 15 cm) and TSKgel SP-5PW (0.75 
x 7.5 cm) were obtained from Beckman. E. coli initiation factors were 
partially purified by chromatography on DEAE-cellulose and phos- 
phocellulose (3). Chloroplast ribosomes and subunits were prepared 
from E. nrucilis (3). Partially purified chloroplast IF-3 was kindly 
supplied-by C. C. Wang (Dept. of Biology- University of North 
Carolina at Chauel Hill. NC) and antiserum against E. coli IF-2 was 
a generous gift from Dr. iohn Hershey (Dept. orBiological Chemistry, 
University of California, Davis, CA). 
Buffers 
Buffer I consisted of 50 mM Tris-HCl, pH 7.8, 80 mM NH&l, and 
10 mM MgCl*; Buffer II, 50 mM Tris-HCl, pH 7.8, 50 mM NH&l, 0.1 
mM EDTA, 12 mM 2-mercaptoethanol, and 10% glycerol; Buffer III, 
10 mM Tris-HCl, pH 8.5, 10 mM NH&l, 0.1 mM EDTA, 12 mM 2- 
mercaptoethanol, and 10% glycerol; and Buffer IV, 25 mM Hepes- 
KOH, pH 7.0, 25 mM NH4Cl, 0.1 mM EDTA, 12 mM 2-mercaptoeth- 
anol, and 10% glycerol. 
Binding of fMet-tRNA to Chloroplast Ribosomes 
IF-2ehl activity was determined by its ability to stimulate the 
binding of fMet-tRNA to chloroplast 30 S subunits. Reaction mix- 
tures (0.2 ml) were prepared as described (6) except that they con- 
tained 10 mM MgCl,, 4-6 pmol of [35S]fMet-tRNA, and either 30-50 
fig of chloroplast ribosomes or 15 rg of 30 S subunits. After incubation 
at 27 “C for 10 min, the amount of fMet-tRNA bound to ribosomes 
was determined as described previously (5) except that Buffer I was 
used as the wash buffer. One ;nit of IF-B,t,l is defined as the binding 
of 1 nmol of fMet-tRNA to chloroplast ribosomes under the above 
conditions. Blanks representing the amount of label detected in the 
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absence of IF-Zchl (0.07-0.2 pmol) have been subtracted from each 
value. 
Purification of ZF-2c,,l 
The overall scheme for the preparation of various forms of lF-Bcsi 
is outlined in Fig. 1. E. gracilis was grown and a postribosomal 
supernatant fraction was prepared as described (5) except that all 
extracts contained 0.1 mM phenylmethylsulfonyl fluoride. All chro- 
matographic procedures were performed at 4 “C. The postribosomal 
supernatant (500 ml containing 7000 mg of protein) prepared from 
300 g of cells was applied to a phosphocellulose column (140 ml, 2.8 
X 23 cm) equilibrated with Buffer II at a flow rate of 1.5 ml/min. The 
column was washed with this buffer until the absorbance at 280 nm 
was less than 0.1. The column was then developed with Buffer II 
containing 0.5 M NH&l. Fractions (3 ml) were collected in siliconized 
tubes at a flow rate of 1 ml/min and active fractions were pooled, 
dialyzed against Buffer II, fast frozen in a dry ice/2-propanol bath, 
and stored at -70 “C. 
The phosphocellulose preparation of lF-Bchl (35 ml containing 250 
mg of protein) was applied at a flow rate of 0.7 ml/min to a DEAE- 
cellulose column (6.5 ml, 1.5 x 3.8 cm) equilibrated in Buffer Il. The 
column was washed with this buffer until the absorbance at 280 nm 
was less than 0.1. The flow through portion (lF-2ehl~) was collected. 
The column was then developed with Buffer II containing 0.4 M 
NH&l and fractions (1 ml) were collected at a flow rate of 1 ml/min. 
The lF-2csl present in these fractions is designated the p form (Fig. 
1). Appropriate fractions were pooled, fast frozen, and stored at 
-70 “C until use. 
Further Purification of ZF-2,,,,a-The material not retained on the 
DEAE-cellulose column (38 ml containing 225 mg of protein) was 
dialyzed against Buffer Ill and clarified by centrifugation at 17,000 
rpm for 30 min in a Sorvall SS-34 rotor. The sample was then applied 
to a preparative TSKgel DEAE-5PW HPLC column equilibrated 
with Buffer Ill at a flow rate of 4.0 ml/min. The column was washed 
in Buffer Ill containing 0.13 M NH,Cl until the absorbance at 280 
nm was less than 0.1. The column was then developed with a linear 
gradient (450 ml) from 0.13 to 0.20 M NH&l in Buffer Ill and 
fractions (2 ml) were collected at a flow rate of 3.0 ml/min. This 
procedure resulted in the separation of three different forms of IF- 
2<hla (Fig. 1). Appropriate fractions were pooled, dialyzed against 
Buffer II, fast frozen, and stored at -70 “C until use. 
Samples of each of these three species were applied to an analytical 
TSKgel SP-5PW HPLC column equilibrated with Buffer II at a flow 
rate of 1.0 ml/min. The column was washed with Buffer II containing 
0.22 M NH&l until the absorbance at 280 nm returned to baseline. 
The column was developed with a linear gradient (75 ml) from 0.22 
to 0.29 M NH&l in Buffer.11 at a flow rate of 0.5 ml/min. Fractions 
(0.5 ml) were collected in Eppendorf tubes and aliquots were assayed 
for lF-Besi activity and analyzed by SDS-polyacrylamide gel electro- 
phoresis (SDS-PAGE). 
Further Purification of ZF-2,h&ln this procedure (Scheme 1, see 
Fig. 1) the material in the fl fraction from the gravity DEAE-cellulose 
column was subjected to chromatography on the analytical TSKgel 
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FIG. 1. Scheme for the isolation of IF-2,hl. 
TSKgel DEAE-5PW column basically as described above. Material 
in the /3 fraction (Scheme 2) from the DEAE-cellulose column (22 ml 
containing 120 mg of protein) was purified on the preparative TSKgel 
DEAE-5PW and TSKgel SP-5PW analytical HPLC columns as 
described above for IF-2,hia except that the gradient for TSKgel 
DEAE-5PW was from 0.15 to 0.25 M NH&l in Buffer Ill. 
Preparation of ZF-2eh~a or IF-2& for Characterization Studies- 
Samples of IF-2,sia or lF-ZchlP from the gravity DEAE-cellulose 
column (lo-15 ml containing about 80 mg of protein) were dialyzed 
against Buffer III and applied to a TSKgel DEAE-5PW analytical 
HPLC column equilibrated with Buffer Ill at a flow rate of 1.0 ml/ 
min. The column was washed with Buffer Ill containing 0.10 M 
NH&l until the absorbance at 280 nm was below 0.1. lF-2esl was 
eluted from the column using a linear gradient (60 ml) from 0.10 to 
0.20 M NH&l in Buffer Ill at a flow rate of 1.0 ml/min. Fractions (1 
ml) were assayed for lF-Bcsi. Active fractions were pooled, dialyzed 
against Buffer II, fast frozen, and stored at -70 “C until use. This 
method did not separate the three forms of IF-2,sia observed on the 
preparative TSKgel DEAE-5PW HPLC column. 
Gel Permeation Chromatography 
A Sephadex G-200 column (85 ml, 1.5 X 48 cm) was equilibrated 
with Buffer IV containing 0.2 M NH&l. Samples as indicated (1.5 
ml) were dialyzed against Buffer IV containing 0.2 M NH,Cl and 
applied to the column. The column was developed with the same 
buffer at a flow rate of 0.18 ml/min. Fractions (1 ml) were collected 
in Eppendorf tubes and aliquots (50 ~1) were tested for IF-$hl activity. 
Other Procedures 
SDS-PAGE was performed using 50-300 ng of protein according 
to Laemmli (8) on a 6% resolving gel and the gel was stained with 
silver (9). Protein concentrations were determined as described (10, 
11) using bovine serum albumin as a standard. 
RESULTS 
Purification of Chloroplast IF-2-Previous results (6) have 
shown that IF-2=hi is found primarily in the postrihosomal 
supernatant fraction of whole cell extracts of E. grads and 
that this factor can be partially purified on phosphocellulose 
resins. Analysis of these preparations of IF-Bchl on gel filtra- 
tion resins resulted in the unexpected observation that this 
factor is present in multiple high molecular mass complexes 
ranging from 200 to 700 kDa (Fig. 2). In an effort to determine 
whether the high molecular weight forms observed arose from 
an aggregation of IF-2chl with itself or other proteins, we 
carried out gel filtration chromatography under several ionic 
conditions ranging from 0.05 to 0.20 M NH&l. A similar 
spectrum of high molecular weight forms of IF-2chl was ob- 
served regardless of the salt concentration present in the 








FIG. 2. Sephadex G-200 chromatography of a phosphocel- 
lulose purified preparation of IF-2chl. The procedure followed is 
described under “Experimental Procedures” and was carried out using 
130 units of IF-2,si and 25 mg of protein. Horse spleen apoferritin 
(443 kDa), sweet potato fl-amylase (200 kDa), yeast alcohol dehydro- 
genase (150 kDa), and bovine serum albumin (67 kDa) were used as 
molecular weight markers to calibrate the column. 
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FIG. 3. Sephadex G-200 chromatography of DEAE-cellu- 
lose preparations of IF-2,hln and IF-2,&. A, a sample of IF-%,,,(u 
(60 units and 11 mg of protein) from the DEAE-cellulose column was 
subjected to chromatography on Sephadex G-200 as described under 
“Experimental Procedures.” J3, the sample of IF-%& (80 units and 8 
mg of protein) of the material retained by the DEAE-cellulose column 
was subjected to chromatography on Sephadex G-200 as described 
under “Experimental Procedures.” 
betaine to disrupt these complexes. This zwitterionic com- 
pound can cause the dissociation of protein aggregates held 
together by ionic forces, but it had no effect on the high 
molecular weights observed with IF-2c,,l (data not shown). 
These results suggest that the large forms of this factor are 
not the result of loose aggregates held together primarily by 
electrostatic interactions. No shift in the apparent molecular 
weight of IF-2chl was observed in the presence of 1% Triton 
(data not shown), suggesting that the high molecular weights 
observed are not the result of aggregation due to weak hydro- 
phobic interactions or to the presence of loosely associated 
lipid molecules. 
When phosphocellulose preparations of IF-2ehl are subjected 
to chromatography on DEAE-cellulose, about 65% of the 
activity (designated IF-2chl~) is not retained by the resin (Fig. 
1). The remainder of the activity (IF-2,&) can be eluted by 
raising the salt concentration. Gel filtration chromatography 
of the IF-2ehl~ preparation shows that this fraction is enriched 
in the higher molecular weight forms of the factor (Fig. 3A) 
while the /3 fraction is enriched in forms of IF-2c,,l having 
molecular masses around 200 kDa (Fig. 3B). No changes in 
the total amount of IF-Bchl activity or in the ratio of IF-Bchl~ 
to IF-2& were observed in the presence of the protease 
inhibitors leupeptin and phenylmethylsulfonyl fluoride.’ This 
observation suggests that the lower molecular weight forms 
of IF-2chl do not result from simple proteolysis of the higher 
molecular weight forms of this factor. 
Oligomeric complexes often assemble at high enzyme con- 
centrations and dissociate at lower concentrations. In order 
to test whether the low M, forms of IF-2=hl arise from the 
dissociation of higher M, complexes, fractions containing high 
molecular weight forms of IF-2chl (generally greater than 
600,000) were pooled and subjected to a second gel filtration 
step at a much lower concentration. Under these conditions, 
*J. Gold, unpublished observations. 
IF-achl was still present in the original high molecular weight 
form (data not shown). Similar results were obtained using 
lower molecular weight forms (generally less than 600,000) of 
IF-Bc,,,. These results indicate that the various molecular 
weight forms of IF-2rhl have not arisen from a simple concen- 
tration-dependent association-dissociation process, but rep- 
resent stably associated forms of the factor. 
In order to obtain additional information about the nature 
of IF-2c,,,, the cy form of this factor was further purified by 
chromatography on a preparative HPLC TSKgel DEAE-5PW 
column. As indicated in Fig. 4, three peaks of IF-2chl activity 
(designated I, II, and III) are detected on this column and 
account for approximately 50% of the applied units. The 
material in Peak II was further purified by chromatography 
on an HPLC TSKgel SP-5PW column. Analysis of this 
preparation on SDS-polyacrylamide gels indicates that it 
contains primarily two bands with molecular weights of 
110,000 and 97,000 (Fig. 5, lane I). We believe that both of 
these polypeptides are present in IF-2c,,la and that they are 
probably present in tetrameric or hexameric complexes re- 
sulting in the high molecular weight of this factor observed 
on gel filtration chromatography. It is possible that the 97- 
kDa polypeptide arises from proteolysis of the 110,000 species. 
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FIG. 4. TSKgel DEAE-5PW preparative HPLC on IF-2ehl~. 
Chromatography was carried out as described under “Experimental 
Procedures.” The column was developed with a linear salt gradient 
(- - -). Aliquots (40 ~1) of various fractions were assayed for IF-2e,,l 
activity (B), and the absorbance at 280 nm was monitored (-). 
IIOK- 
97K- 
2 3 4 
FOG. 5. SDS-PAGE patterns of various IF-2.bl samples. Lane 
1, Peak III fraction of IF-2ehl~ following chromatography on TSKgel 
SP-5PW HPLC. Lane 2, Peak II fraction of IF-2e,,l~ following chro- 
matography on TSKgel SP-5PW. Lane 3, IF-Bc& prepared by the 
first scheme (see Fig. 1). Lane 4, IF-2chl/3 prepared by the second 
scheme. 
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to these polypeptides in an effort to determine the relationship 
between them. 
The activity in Peak III was also further purified on TSKgel 
SP-5PW and SDS-PAGE analysis of this material (Fig. 5, 
lane 2) indicates the presence of a doublet at about 97 kDa. 
Again, we believe that this form of IF-2ehl represents tetra- 
merit and probably hexameric complexes of these polypep- 
tides. Peak I from the IF-2thl~ preparation does not contain 
either the 110,000 or the 97,000 polypeptides. Rather, SDS- 
PAGE analysis shows that this form of IF-2,hl consists of one 
or more high molecular mass polypeptides of about 200 kDa 
(data not shown). 
Two partial purification schemes for IF-2ehlP have been 
developed (Fig. 1). The first scheme results in the separation 
of two forms of IF-B& (data not shown). IF-2chl activity in 
the first peak correlates with the presence of two bands having 
molecular weights of about 110,000 and 97,000 on SDS-PAGE 
(Fig. 5, lane 3). It should be noted that the 97,000 M, species 
often appears as a doublet in these gels. The second peak of 
IF-2& observed from this column correlates with the pres- 
ence of a doublet at about 97 kDa on SDS-PAGE (data not 
shown). None of the other bands present in these preparations 
correlates with the activity of IF-Behl. The second procedure 
for the purification of IF-2& (Fig. 1) results in preparations 
containing the 97,000 M, subunit form of this factor (Fig. 5, 
lane 4). We believe that the /3 form of this factor consists of 
a mixture of dimeric species composed of 110:97 kDa and 
97:97 kDa. The specific activities and SDS-PAGE patterns of 
both of these preparations indicate that they are over 80% 
pure. 
Properties of the ZF-ZChicu and /3 Fractions-As indicated 
previously (6), crude preparations of IF-2ehl are not active in 
promoting fMet-tRNA binding to E. coti ribosomes. We have 
tested both IF-2,h,(r and /3 preparations for activity on bacte- 
rial ribosomes and have observed that neither form is active 
in initiation complex formation on E. coli ribosomes (data not 
shown). When Western blots of IF-2chl preparations are 
probed with antibodies raised against E. coli IF-2, no apparent 
cross-reaction between the bacterial and chloroplast factors 
can be seen (data not shown). These results indicate that IF- 
2chl is significantly different from prokaryotic IF-2 in its 
structure and in its ability to interact with bacterial ribo- 
somes. 
Both E. coli IF-2 and the eukaryotic initiation factor 2 have 
important sulfhydryl groups and lose activity upon modifica- 
tion with N-ethylmaleimide (12, 13). We have tested the N 
and p preparations of IF-2ehl for sensitivity to this modifying 
reagent and have observed that both fractions lose the ability 
to promote initiation complex formation following N-ethyl- 
maleimide treatment (data not shown). This result indicates 
that there may be an essential cysteine residue important for 
the activity of this factor. Both the higher and lower molecular 
weight complexes of IF-2chl appear to be heat sensitive (Fig. 
6). A temperature of 43 “C is required for inactivation of 50% 
of the IF-2& while 47 “C is required to inactivate 50% of the 
(Y form of this factor. These observations suggest that the 
higher molecular weight complexes of IF-S,,,, are somewhat 
more stable to heat inactivation than the lower molecular 
weight (dimeric) forms of this factor, perhaps due to more 
extensive subuniksubunit contacts. 
Both the higher and lower molecular weight forms of IF- 
2&l appear to promote the binding of fMet-tRNA to chloro- 
plast ribosomes. Their activities are additive rather than 
synergistic implying that all the forms play similar roles in 
initiation complex formation. We have examined whether the 
met-tRNA binding promoted by this factor results in the 
t L I I I 
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FIG. 6. Effect of temperature on the stability of IF-2.~ and 
8. TSKgel DEAE-5PW preparations of IF-2,hla (0) or p (B) were 
incubated for 15 min in Buffer II at the indicated temperature and 
then tested for fMet-tRNA binding activity. The 100% activity value 
was detl 
left at 4 
er D ,mined from the amount of activity remaining in an aliquot C during the 15-min heat treatment. 
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FIG. 7. Sucrose gradient analysis of fMet-tRNA binding to 
chloroplast ribosomes. Reaction mixtures were prepared as de- 
scribed under “Experimental Procedures” and analyzed on sucrose 
gradients as described (4). They contained either 0.78 units of par- 
tially purified IF-~*M(Y (m) or 1.34 units of E. coli IF-Z (0). 
formation of 30 or 70 S initiation complexes by examining 
reaction mixtures on sucrose gradients. As indicated in Fig. 
7, fMet-tRNA is present on 30 S subunits but not on 70 S 
particles when initiation complexes are assembled in the 
presence of IF-2ehl. Over 50% of the preformed initiation 
complexes could be recovered on the sucrose gradient indicat- 
ing that they are relatively insensitive to pressure-induced 
dissociation. Initiation complexes formed on chloroplast ri- 
bosomes in the presence of E. coli IF-2 were also present 
primarily in the 30 S region of the gradient (Fig. 7). However, 
complexes formed with the bacterial initiation factor were 
quite labile and only about 10% of the starting material could 
be recovered following centrifugation. This observation sug- 
gests that complexes formed with E. coli IF-2 are more sen- 
sitive to pressure-induced dissociation. 
We have tested the mRNA dependence of Met-tRNA 
binding by the (Y and /3 forms of IF-2chl. As indicated in Table 
I, both IF-2=hj fractions require the presence of mRNA for 
stable initiation complex formation. The activities of both the 
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TABLE I 
Requirements for fMet-tRNA binding to 30 S subunits 
The fMet-tRNA binding assay was carried out as described under 
“Experimental Procedures” except for the omissions indicated below 
and 0.9 pmol of IF-gchl was added instead of IF-3 from E. coli. The 
HPLC TSKgel DEAE-5PW preparations of IF-2eh~~ and fl were used 
as a source of IF-2chl. 
fMet-tRNA bound to 30 
Omissions S subunits 
IF-20 IF-2P 
pm01 
None 0.63 0.77 
Poly(A,U,G) co.01 co.01 
IF-&,1 0.10 0.10 
IF&,, 0.25 0.32 
IF-1 0.17 0.17 
IF-2&F-l 0.03 0.03 
IF-2dIF& 0.02 0.02 
IF-3,h,/IF-1 0.07 0.06 
GTP 0.19 0.25 
I 2 3 20 40 60 
GTP,pM 
FIG. 8. GTP requirement for fMet-tRNA binding to chlo- 
roplast 30 S subunits in the presence of IF-Brbl or E. coli IF- 
2. Reaction mixtures were prepared as described under “Experimen- 
tal Procedures” except that the concentration of GTP was varied as 
indicated. A, TSKgel DEAE-5PW purified IF-2chl (approximately 0.4 
units). B, E. coli IF-2 (0.4 units). 
(Y and the p forms of IF-BChl are stimulated by E. coli IF-3 
(data not shown). IF-3=hl stimulates fMet-tRNA binding by 
either form of IF-2Chl between 2- and 3-fold in the presence of 
poly(A,U,G) (Table I). The addition of E. coli IF-1 also 
stimulates initiation complex formation by IF-2chl about 4- to 
5-fold (Table I). 
GTP stimulates the activity of IF-echl about a-fold (Table 
I). Maximal stimulation is observed at slightly less than 2 pM 
GTP (Fig. 8A) indicating that the chloroplast factor uses 
guanine nucleotides quite efficiently. For comparison, about 
lo-fold higher levels of GTP are required for maximal initia- 
tion complex formation with E. coli IF-2 (Fig. 8B). Using [a- 
32P]GTP we have observed that guanine nucleotides are pres- 
ent in initiation complexes formed in the presence of IF-2chl~ 
and that the presence of fMet-tRNA is required for the IF-2 
stimulated binding of GTP to chloroplast ribosomes (data not 
shown). These observations suggest that little, if any, IF-2. 
GTP . ribosome complex is formed and that stable nucleotide 
binding to these ribosomes requires the formation of the 
complete initiation complex. 
The observation that IF-2,hl-mediated initiation complex 
formation occurs primarily on 30 S subunits suggests that IF- 
2chl is acting stoichiometrically rather than catalytically in 
our assay system. To examine whether IF-2=hl is recycling, its 
fMet-tRNA binding activity was compared in the presence of 
either GTP or the non-hydrolyzable analog GMP-PNP. As 
shown in Fig. 9A, IF-2chl exhibits the same activity in the 
presence of either GTP or the analog. This observation sug- 
gests that the hydrolysis of GTP is not required for the IF- 
BChl-mediated binding of fMet-tRNA to chloroplast 30 S sub- 
IO 20 30 40 5 IO 
IF+,,. HI L c@l IF-Z, pl 
FIG. 9. Effect of GMP-PNP on fMet-tRNA binding to the 
chloroplast ribosomes in the presence of IF-achl or E. coli IF- 
2. Reaction mixtures were prepared as described under “Experimen- 
tal Procedures” except that either 20 PM GTP (0) or 20 pM GMP- 
PNP (M) was added and the amount of IF-2 tested is indicated. A, 
TSKgel DEAEdPW preparation of IF-Sehl (0.11 mg/ml). B, E. coli 
IF-2 (0.06 mg/mI). 
units and indicates the factor is acting stoichiometrically 
under our assay conditions. Replacing GTP with GMP-PNP 
reduced activity of E. coli IF-2 on chloroplast ribosomes about 
2-fold, suggesting that the bacterial factor is capable of at 
least some recycling on chloroplast ribosomes. Further work 
will be needed to determine the conditions required for the 
catalytic use of IF-Bchl. 
DISCUSSION 
IF-2 is the largest of the initiation factors in prokaryotic 
cells and it is present in E. coli in two forms, IF-2a (97.3 kDa) 
and IF-P/3 (79.7 kDa) both of which are single polypeptide 
chains. These two forms of IF-2 are translated from different 
initiation codons on the same mRNA in Co. They are almost 
identical in function except that only the (Y form catalyzes the 
synthesis of /Lgalactosidase in a combined transcription- 
translation system and the (Y form binds to RNA-Sepharose 
while @ does not (14, 15). Eukaryotic initiation factor 2 has a 
molecular weight of 145,000 and consists of three nonidentical 
subunits (16). In our present study we have found that IF-2=hl 
is present in two size classes: IF-2,hla containing complexes 
ranging from 400 to 700 kDa and IF-2&l with a molecular 
mass of 200 kDa. All the species detected appear to have very 
similar biological activities. The size of IF-Bchl is extremely 
large compared to its prokaryotic or eukaryotic cytoplasmic 
counterparts. It is possible that the binding of IF-2=hl to 
chloroplast ribosomes is accompanied by its dissociation into 
subunits and further work will be required to clarify this 
point. 
Stable initiator tRNA binding to E. coli ribosomes requires 
the presence of a message (17). In contrast, Met-tRNA”“t 
binding to 40 S subunits by eukaryotic initiation factor 2 can 
occur in the absence of mRNA (16). Initiation complex for- 
mation with IF-2=hl, like that observed in prokaryotes, is 
mRNA-dependent. In addition, it is stimulated by E. coli IF- 
1 and by either E. coli or chloroplast IF-3. It should be noted 
that no chloroplast factor equivalent to IF-l has been ob- 
served in E. grads. A gene (infA) that appears to be homol- 
ogous to E. coli IF-1 has been detected in the chloroplast 
genome of several higher plants (B-20) but the corresponding 
region of the E. grucilis chloroplast genome does not appear 
to contain a comparable gene (21). 
Despite its similarities to the prokaryotic factor, IF-Pchl is 
not active on E. coli ribosomes. One possible reason for this 
observation is its large size and complex structure. The bind- 
ing pocket for IF-2=hl on chloroplast 30 S subunits may be 
quite open to accommodate the large size of the organellar 
factor. In contrast, the IF-2 binding site on E. coli 30 S 
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subunits may be smaller and, therefore, exclude the chloro- 
plast factor. 
Chloroplast IF-2 is the product of a nuclear gene in E. 
grucilis (7). There are several reports of unusually large pre- 
cursors for nuclear-encoded chloroplast proteins in this or- 
ganism (22, 23). Rikin and Schwartzbach (22) have observed 
that the 26-28 kDa light-harvesting chlorophyll a/b binding 
proteins of photosystem II of E. grads are initially synthe- 
sized as slowly processed precursors with molecular masses of 
207, 161, 122, and 110 kDa. It has been postulated that the 
large precursors could be post-translationally processed inside 
the chloroplast producing several copies of the mature protein. 
In addition, Houlne and Schantz (23) detected a lOO-kDa 
protein that is immunologically related to the 20-kDa protein 
of light harvesting complex I and have observed that the 
mRNA for this protein in E. grucilis could code for several 
consecutive copies of it. One or more of the higher molecular 
weight polypeptides observed in IF-2chi preparations could be 
the result of partially processed precursor forms of this factor. 
Work is in progress to explore the relationship between the 
complex forms of IF-2chl observed and to understand the 
structure of the factor in duo. 
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